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HEAR A WP B R A Y 250 AT BRA 7 5 B il
#.BNCC 2 #l. 4i 5 BNCC186380; X (il # .
BNCC A ), 4i 5 BNCC338380; B £ 1 , % HE /v
Al T AR AERE A, KR AR WA R AN, K KK
5 AR B 1E R 5 SRR B, 1E DGR A
B R HEE R Al Ak T 5 BT 5 T BE R R A
(YPD) B g K5 9% 56 (BE BE R H . R HDOL K 40 1k
TR s 8 R . R3S KA 40, REDOLE
K 404k T 098 07 5 B % 55 4 45 W5 B i (PDA) 85
FRIE L RIET s TK S BOm AL F R A R A
1, 1-ZR He-2- = B R WE (DPPHD , BT Hi T 52,
2" R -WL-3- £ FE 2K I E R h -6 JiR (ABTS) , B
LT 5 TooK B, B0z b2 iR A R A Rl s D101 B
FAL W B B - 2R 35 T AT 43 85 FH A WL 7135
ES RS LN

ALK 32 46 SPX-250B-7 AU, | 1R 52l
A RARIBEIF IR s i 2 D RE M FE L, 7K JHE T
LR PHMLH A B2 &) 5 0] 0L 43 66 BE i V-1100D
A, b SR IR A AR A IR w5 B0 Al HC-
3018 \HC-3018R, % # Bt AE B} 22 U 5 A B2
)3 E E M4 35 cm X 40 em, b 5 Ei ik 1H AR
Bk A MRS 7] DBS-100 H ik 4 [ 3h 35 4y Y 4
#, DUV TS A PR A F] i ARG IB
CJ-1000FX, i b TR & ARA A .

1.2 A&

AWEFET 2024 4 4 A 1 H A8 K JF I8 2 B
YR GE AR BEAS YR 613 KR WG T L
Sy AH 2 T AR R 0 IR IR R T AR AT
2024 4 6 HF A58 A AR .

1.2.1 ®BAELSBRAHB KK PDA A
YPD [ A5 72 56 f okt 2 L SRt & Uk A T PDA
ROk BERE AR T YPD B35 56,28 “CHi 3% 5 d,
R5 3% 56 WG B B R SR IT L B B O A D
HAEEK R, VEOK il A R i A A A5 3
o R R VR AR AL M TR Ak YR e TG T I A A Ao
PR ERARBW P E 22K 3807k, AL
FRER K wh gk 45 7% 3 - B TR TR VR L A B IR B B
U 3 T TR 4 9 R R S VKA R A

1.2.2 AEE&40ERFRE KBHERAFH
WL I J5 3 60 H i 4T & 18,30 g H
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G3 AR 10 00 1 A [ 11 R, 45 1) & eI 28 °C L
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R AR R BE AT L it 2 A ) % H B S B i
AISER . AR B0 25 2R, B Al R W R B AT
IFE YNG4 iR
1.2.3 #HEAAREWELH i 0.5 mgemL !
B R TR0 o A VS L B BE R B R 50, 100, 150,
200,250,300,350 Al 400 pgemL ' HI2 T %W,
S3E  HEE 6 mL £ BRI T 25 mL
R A 1 mL 5 %00 VA R AV TR AT
TE 6 min, I 1 mL 10 % FI RS R 48 1A W, I
N 6 min, AN 4% S AALBNIA R 10 mL, &5
FH 70 %09 B W€ 25 FE 15 min, PATEK S
B A 23 6 R, R 56 A0 0T D 43 O 6 AR D K
510 nm Kb E WG RE , ARG EAE A M98 AR
PITHPE ClugemL ™) SRR AR AR, 22 i B o il 2
HIOEEE A 5 T EE Clmg-mL ™) 2 A2
PEEHBF AN Y=0.002 8X—0.002 4,4 5%&
ZHH 0.999 9,
1.2.4 HEZFZRARRELSEMNET RNLE
[l G0 B2 ROk R AT $ B, AR RE 80 C i B LI L LU
3+ T AR A K Fn B 42 IR 1215 RN L
FAHEEC 1 h, R NANO,-AL(NO;), %
B B
1.2.5 XKIALEMM R shiLHEHE KIS
Fib B . oK D101 BB AR, e T 4 %6 6 R Tk 1%
NG R FHEIR 120 remin "AbEE 2 b, BUH
ZETRK R uE e . T A0 SRR BT TR
AR B T RE R 120 remin "AREE 2 h, B H
FRABK oh kg 2= rp e e FHJOK & Bkt
BEAG B8 THEPE 120 remin 'AbBE 2 h, U FH 28
(1P QU F/E N WA SN S

T2 2R A I . BREL 140 g FiAL S A9 D-101
KA PEVR LRk, THIAE R T (Bed Volumn, BV=
70 mL) J5 , LA R ARV 0.9 mgemL ',
P E 2 BVeh ' B 7 mL Y4E 1 &, I 5E B
T, JF 2 i8R il 2R, DL Ok e AR AR
A

BV 5 - % U A B RS AR TR
B 260 )5 43 00 FH 28 488 7K N 80 U6 & BEAE Sk Tk JE ik
YRR AR BRI JC @ i 2 BVeh™' B 7 mL
WA 10 R L 2 R R
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H i IR Y aiAl . DU B A L K Tk
PR BE VR AR BN R & R M aE OKih & R
F14) R R REL 4 4 AT i A oA T VR IV
e e 7% 22 e B 25 R AN 728 I R TR
BT T4 48 ho 5 H B S 4tk 9.
JH70% B % E 510 nm &b WG BE 3 1
P
1.2.6 DPPH & ¥ 0.007 9 g DPPH il ATG
JKHEY T, E R E 100 mL. B E 2 -9 DPPH %
WM B A 60 pmole L ¢ . B FL WG B A4 i 46
bS5 B T R AR Y, B 5 mgemL Y B
FESVAW BB 80 pL EAZE 0.3 mL,# 0.3 mL
M FESR SIS 2. 7 mL W B 4r i) DPPH IR 21 F
RGN 43 4 A0:0. 3 mL 228 Tk +2. 7 mL
DPPHIE M, As:0.3 mL # & +2. 7 mL
DPPHA W ., Ar:0.3 mL #E W +2. 7 mL &
KB, BOHAF 2 05 SR H IR RV 30 min, DA
JoK R 25 1 2 B AE 518 nm AR WO B
It DPPH R YY) R AT
A, —A,

Y(%) = ( ) X 100 (D
A()
1.2.7 ABTS @& # 7 mmol-L~' ABTS

2.5 mmole L™ 3o i B2 BV W . 76 % R 45 10 F 454K
BURA IFE TR N 12~16 h. 3515 ABTS+
W, KA H ABTSH T LL 80 % £ B Hi B
fEH 734 nm FRYWROGRE Sy 0. 7. HOR AL W B
B 2l Ak J5 0 H RS R AR Y L B 5 mgemL T Y
AL AW B 10 pL B R 0.3 mL, #%
WMF AR MAEE, A0:0. 3 mL £8 F/K+2.7 mL
ABTSH W As: 0. 3 mL FES AW +2. 7 mL
ABTS+ W Ar:0. 3 mL FESIE R +2. 7 mL
ToK S BER W . FEREE RN 30 min, PATE/K Z
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1) B R e S e TR E 1 d R 7 d i (P<<0. 05),
Pt A H W R e 3 d A5 d 2 e o R A 2
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Mg H o &8 3 d.5 d.7 d J5 0 5 iR i B 3%
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FEmF ] S BB 5 dL K8 5 dL B e 3 d,

L2 T id 34 -SdA-7d
a.
10 aA aAB bA adaBar
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2.2 KFLURBH#AS ai b H E EE R
2.2.1 K IUVR B ARG 264G 3 % BR 69 6 AL £
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AR LT LA B RRIARRLR 2.2 BV,
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B A R b D 8 700 m gk L I S R O I
bt & K AR BB Ak 22 38 i, 243k 8] 5. 0 BV B, K
PRI BB S BN 0, I kR AL W B R S T I

B B S R T AR R, SO I e T IR AR Y
2.2 BVIATRBE L 5.0 BV ZEl—34 2.9 BV iy
R R B 2.9 BV R K BER .
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5 5 a0l 5

: 200 P E 1000

é" @ 3001 »
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= E 100} =

it # =
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04 08 12 1.6 2.0 24 238 1.82.22.63.03.43.84.24.65.05.45.8 1.0 2.0 3.0 40 5.0 6.0 7.0 8.0

RBUBV RBUBV KRBV

AR 2 BLOKBEER A AR £k 5 C. g B &
B2 MK KERFER&MEREREL

P Uk S48 TE K PR Bk 24 2 ) R — 8 vk B2 1Y)

T L R B RS i =2 PN T8 3 o 7
SRR, EEVEM LW 2C Fron, M E BEAR B AY 1
TR it v % % T L SR RS B TR TR
I T RE P 235k 3. 0 BV Ik B i b
] &5 i e R, B R Ve . M358 6.5 BV
i o i b TR, 2 e BAR Mk Ui 3.0 BV
W B AR RE VAR,
2.2.2 ABHEZRALTELSETHLE K
F 1 ATAN, SlAb 5 R S e B R O R Al R i
T AR K EEAL PR 39.6 mgeg ' ETHN 57.9 mgeg ',
MERFE i 54,9 mgeg ' BTN 82.6 mgeg ', 0K
M H 78.2 mgeg ' EFF M 101. 8 mgeg ', Bl
%M 63.8 mgeg ' LA 90.6 mgeg™!,

Rl REBEHEEMAKWEEMS LR

WS/ (mgeg D)

2151

4l fb Hi alifk 5
KK W 39.6 57.9
il 63.8 90. 6
kit & 78.2 101. 8
357 54.9 82.6

2.3 ABEHEEMMNASNKELE

H R & W RT S 7E A [E Mk 2R X DPPH Al
ABTS H 58 75 Bk fig 1 25 L an &l 3 B, kil
75 JRNE R AR H 4L DPPH A ABTS A
FH 2 T B 2 1 25 e TR R EAL (P<<0. 05), H
oK 2 20 53 T PR A LB RE B 41 (P<<0. 05)
Bl 3A o, 2l 8 R B B K B H R X DPPH
FIWEBE e e 2 % (P>0.05), & 3B B,
T RE B R e H 4L bk ABTS WRE ¥ & F
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Hihd A (P<<0.05), Wik, HE X G H %
DPPH 1 ABTS H R 68 12 5, 9 A AL 16 2
B, HDIOK il B b PR A e fd .
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40 |-

ABTSH /%

20

| | 1
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3 e

AW K T B R AT LR &3S IR L pH
FIVEE Bb i 55 45 1 FF h B2 A Dy SR iR AT R .
TE 5% et A opy L (2 W 2 TR AR 22 b S T 380 3R 14
it At A0 25 1 7= A Ak 2 R A 2 BRI R IR AR
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LI MRa 7/ R t S E W o e a7 €A B/ N UK (3 W 19 3
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AR PR B 10 Jakubezyk 25050 (U BF ST 45
TCEh % W SR T AT W7 H R JE 0800 AH G 1 7
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ST LU S o RO A A R A a

MOk 2 1 B AR C T Tl A= Pk
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X5 0 g S A E i AE A . Shakya %50 fif
FEAT 25 AE TR A I AR T AT SR IO 0 A
WEPE . A5 o A ) O A R R R A A
K DPPH Al ABTS il H 0 2 i x5 5 i1 5L 19
THBRAE ) WP EE R SN — 2, TR Y R A
FET A TR) B B S A T e S S L AS TR R
R ) 2 A1) 0 2 v TR R R (P<<0. 05) , HL
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ARHIFGE R FH T 1A 3 i BB B BB 8 v (1 3%
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F 8 H 8 RO 4R 9 T D101 78 K L W B AR B
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P DAL A5 SR 2 L R R S T
Xf DPPH #l ABTS H 2B A R4 9i5 Br be
ARG TE S T H R &l R B S8 @& T 5

i, I HooT DAY 5 B X {2 09 75 BR 8 U . B
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P B 7 T R R T A A B = % 3 T
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Probiotics and Antimicrobial

Effects of Solid-State Fermentation Time of Different
Bacterial Strains on Content and Antioxidant
Properties of Licorice Flavonoids

LI Da, ZHU Ting, LIU Di, WU Xiaoying
(College of Biological Science and Technology, Taiyuan Normal University, Jinzhong 030619, China)

Abstract: In order to fully explore and utilize licorice resources and promote the antioxidant research of
fermented licorice, three different probiotics (yeast, Aspergillus oryzae, and Aspergillus niger) were selected
as the research objects to ferment flavonoids in licorice. Ethanol reflux method was used to extract flavonoids
from licorice, and single factor experiments were conducted to optimize the fermentation time under the fixed
conditions of inoculation volume of 10% , fermentation temperature of 28 °C, water content of 80% , and 30 g
of licorice. Based on the optimal fermentation time, the crude extract of licorice flavonoids was purified using
D101 macroporous adsorption resin and its relatedin vitro antioxidant capacity was determined. The effect of
solid-state fermentation time of different bacterial strains on the content and antioxidant properties of licorice
flavonoids was explored. The results showed that the content of flavonoids was highest in yeast fermentation
for 5 days. Aspergillus oryzae fermentation for 5 days, and Aspergillus niger fermentation for 3 days.
Therefore, based on this, purification was carried out using macroporous resin, and the flavonoid content

increased after purification. Aspergillus niger increased from 63. 8 mgeg ' to 90. 6 mge+g ', Aspergillus
1

oryzae increased from 78,2 mg+g ' to 101. 8 mg*g ', yeast increased from 54. 9 mg+g ' to 82. 6 mg*g ', and
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unfermented increased from 39. 6 mgeg ' to 57. 9 mgeg '; The scavenging ability of different strains of
fermented licorice on DPPH and ABTS free radicals was significantly higher than that of unfermented licorice.
In summary, there is a significant difference in the flavonoid content of licorice before and after fermentation.
After purification with macroporous adsorption resin, the flavonoid content of licorice increases significantly,
and licorice has better antioxidant activity after fermentation.
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